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ABSTRACT

The lunar elevation data provided by Schrutka-Rechtenstamm
3upplemented by similar data near the limbs provided by Davidson and
Brooks, were used to determine the equation of surface of the Moon
as a sum of spherical hamonics including terms up to t he eighth
order., This equation was used to construct a contour map of the
Moon, The same work was repeated for data provided by Baldwin which
also were supplemented by the same data by Davidson and Brooks,

The two maps have some basic similarities, After improving the
equation of surface derived from Schrutka's data in a way that a
homogeneous Moon with this equation of surface would also satisfy
the conditions, f = 0.633 (Koziel, 1964), B = 0,0006267 (Jeffreys,
1959), ¥y = 0.000227, (Jeffreys, 1961), we derive a third contour

map which seems to be more realistic than the previous two.



I. INTRODUCTION

The first contour map of the Moon was constructed by Franz
(1899) just before the turn of the century. He employed only 55
points, a number not too low when sufficiently accurate, or when
expectations are not exceeding the possibilities. He worked with
linear interpolation between the known points, a rather poor technique
for the present and in this particular case, His results appear,
however, very interesting for a number of reasons. First, similarities
between his map with the map produced in 1963 by Baldwin and the
map presented here on the basis of Baldwin's data are obvious and
manye It shows, in conformity with the latter two maps, that part
of Mare Tranquillitatis, Mare Serenitatis, Mare Imbrium, part of
Mare Frigoris, and Oceanus Procellarum are below the mean lunar level.
Second, the Terrae of the southern hemisphere are highlands. Finally,
a careful study of this map leads easily to the conclusion that if
the far side of the Moon is symmetrical to the near one, an assumption
very probably true, then the lunar figure, as well as potential, acquire
a non-negligible fourth order harmonic, The basic argument in this
line is that if the Moon was a triaxial ellipsoid, then the contour
lines around Oceanus Procellarum, Mare Imbrium and Mare Serenitatis
of elevation -1.2 and -2.4 kilometers should not be followed in the
direction tcward the northeastern limb by a zero elevation line but
by an even lower elevation, It appears that the central bulge of the

Moon is followed by depressions at approximately half the way towards



the limbs which finally are succeeded by highlands only in the
direction of, approximately, the north lunar pole and the east-west
diameter, The southern hemisphere does not fit completely in this
pattern and, as we shall see later, this 1s so for the contour map
given by Baldwin. The reason is that the lunar figure possesses a
third order zonal hammonic, i.e., a pear-shaped component, which
results in an asymmetry between the northern and southern hemis-
pheres. By an argument of analogy to the Earth's similar harmonic,

Kaula, (1963), has deduced that this asymmetry results in a term

ar (o
k% R (R)TBO’ (1)

in the gravity field of the Moon, where G 1is the Gaussian constant,

T, and M' the mean radius and mass of the Moon, R the selenocentric

distance of the attracted body, and T the third order Legendre

30

polynomial, Kaula has estimated that the order of magnitude of KBO

is + 9.3 % 10™°, The present author, (1964), has given

5

Kony = = 8463 x 1077, (2)

30

and the agreement, if not accidental, is satisfactory. The solid

harmonic (1) is the result of the surface harmonic,
I3 70 Ty 0 (3)

and it is shown (Goudas, 196/4) that

;-3
J30 =7 %30 * (4)



The "pear-shape" term in the lunar figure partly conceals, therefore,
the existence of an even larger fourth order harmonic, a fact diffi-
cult to ascertain without a harmonic analysis of hypsometric data.
Once such an analysis is made, mere inspection of Franz's map
verifies the fact. We shall see that this is also true for the maps

by Baldwin and Schrutka-Rechtenstamm,

The map by Ritter (1934) was the next to appear. Measurements
of elevations were made by him on the basis of the terminator
technique which has not received a final qualification even today.
Hopmann (1964) proposes to apply this technique somewhat differently
and avoid the inaccuracies due to the vagueness of the curve of the
terminator. Ritter's results seem to have large systematic errors
due exactly to this reason, and his map does not seem to be accurate

or useful,

Schrutka-Rechtenstamm and Hopmann (1958) published a map based
on the 150 points measured initially by Franz (1901) and subsequently
remeasured by Schrutka-Rechtenstamm (1958). The mean error in the
latter measurement is about 1,23 lme. and the bulge deduced from
them is about 3 km. according to Schrutka, the assumption being
that the Moon is a triaxial ellipsoid. Approximately the same size
of bulge was deduced from the same data by this author (1963) but
without this assumption. The current values of f and B of the
Moon are decisively against this large ellipsoidal value of the
bulge which is overestimated for reasons explained by this author
(1964)s Fortunately enough the map by Schrutka and Hopmann is not

based on this assumption and in spite of the large mean error, it



represents a considerable improvement of the map by Franz. The
optical impression one has from the telescopic view of the Moon has
been completely disregarded by Frans and Schrutka and Hopmann in the
compilation of their maps which, therefore, are the presentation

of unbiased measurements, Thus, according to the map by Schrutka
and Hopmann Mare Nubium, part of the Oceanus Procellarum, part

of Mare Imbrium, part of Mare Tranquilitatis, Mare Vaporum and
Sinae Medii and Aestuum are above the mean lunar level, in contra-
diction to the general expectation that Maria must in general be
below mean level. As it will later be pointed out, the harmonic
analysis of the figure of the Moon has shown that this result can
very well be true. The frame of "standard coordinates" and the
principal axes of inertia should coincide and a "balanced" contour
map of the Moon must always satisfy this requirement. The possible
inhomogeneity of the Moon makes it difficult to decide whether a map
satisfies this requirement or not. In case the density depends only
on the distance from the center or if the Moon is nearly homogeneous,
the above condition is satisfied if the mass over the mean lunar
level 1s centered around the Earth-Moon line or the Of-axis. The
same must be approximately true for the low lands or the depression
areas. This argument can be reclprocated and used as a criterion

in consideration of the density distribution of the Moon. For
example, if it is assumed that the map of Schrutka and Hopmann is
correct, 1t can be concluded that either the lunar density depends
only on the distance from the center or that the Moon is approximately

homogeneous. From this point of view the contour map by Franz seems



slightly off balance.

The contour mep by Baldwin (1963) was based on more points b
(696) measured from five Lick plates. A harmonic analysis of the
lunar figure based on these measurements has verified the conclu-
sions of Baldwin in connection with the bulge. In addition, the
equation of surface obtained from the same analysis made possible
the construction of a contour map which is similar to the map by
Baldwin but not in minute details. This, of course, is expected
since we have employed harmonics up to the eighth order only and
thus the details of the elevation data derived from plate measure-
ments were smoothed out leaving the general underlying pattern of the
contour map, Most of the conclusions drawn by Baldwin in connec-
tion with his contour map have in this way been independently
verified, We shall discuss further this map later on. In the
meantime it should be mentioned that the elevation data by Baldwin
have received some strong criticism by Hopmann (1964) and the
present author (1964) on two different bases. Hopmann has announced
that the results of measurement of the same 18 formations made by
Baldwin (1963), by Schrutka (1958-1964), and by the Army Map Service (1960) -
(1964) are very poorly correlated. According to the same author
the best measurements at present are those of the Army Map Service
followed in the second place by the unpublished measurements by
Schrutka, who has used eight Lick plates. Finally, in last place
comes the data by Baldwin. It must be pointed out, however, that
the non-existence of strong correlations between measurements of
the same quantities cannot decide undisputably which measurements ;

are the best. Nevertheless, the present author (1964) has concluded f



that the measurements by Schrutka (1958) are more accurate in com-
parison to the measurements by Baldwin (1963) and in this respect

he is in agreement with the opinion of Hopmann, The basis of this
comparison is much stronger and the conclusion definitive when

estublished, A set of abso m e t

librations. On the assumption that the Moon is nearly homogeneous

or that its density varies but only with the distance from its center
and not with the direction, it is found that Schrutka's measurements
are compatible with the correct values of f, B and y. It has
also been shown that Baldwin's measurements are leading to a negative
value for the mechanical ellipticity f, and to unacceptable values
for B and y. The data derived by the Army Map Service and by
Schrutka (1964) were not available to the author at the time of this
publication and so he cannot agree or disagree with Hopmann in
connection with the accuracy of these datas It is hoped that the
results of their harmonic analysis will be published in the near

future.

The contour map of the Army Map Service (1964) is based on 256
points evenly distributed over the visible face of the Moon. The
average probable error in the elevations given is given to be about
858 meters which is about the same with t he average errors in the
data of Baldwin but definitely smaller than Schrutka's average error
1370 meters). Although it is impossible to assess the real value

of this set of measurements and, therefore, of the corresponding




hypsometric map before a harmonic analysis is performed on them,

we can say that this map has more points in common with the map by
Schrutka and Ropmann than with the map by Baldwin, For example,

Mare Imbrium is deep everywhere according to Baldwin, it is half
below level (nowhere lower than 1 km.) and half above level (nowhere
more than 1 km,) according to Schrutka and Hopmann, and finally it is
almost everywhere above level with some parts reading the level of

3 km., according to the map of the Army Map Service. Another
example is Mare Nubium which, according to the maps of Schrutka and
Hopmann and the Army Map Service, is above level, and according to

Baldwin's map, is below level.

II., A TECHNIQUE FOR CONSTRUCTION OF CONTOUR MAPS

As is pointed out by Hopmann (1964) and others, most of the
existing measurements of absolute heights can be very accurate if
treated as relative heights between consecutive lunar formation, but
it is very doubtful whether they represent accurate relative heights
for formations quite apart. The stereoscopic technique can be more
trustworthy in this respect but this is not clear as yet. For
this reason maps based on such measurements are bound to have more
value as maps of relative heights with the merit that they show with
sufficient accuracy the elevation relationships of nearby formations
everywhere on the Moon. In other terms, they are locally and every-

where correct within the claimed accuracies. However, they do not

give absolute contour lines or hypsometric curves with respect to

the center of the Moon. It must be realized that lunar chartography
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is clearly divided in "pelative" and "absolute" and the two are
different in substance and in purpose. For instance the map by
Baldwin can be regarded as a good example of a map of relative
contours so long as we do not try to correlate distant formations.
The contour map by Schrutka and Hopmann is more like, but not
exactly, one of the second kdnd. Maps of absolute contours must
satisfy additional necessary conditions which those of relative
contours do not need to satisfy. This is exactly the basis on which
improved absolute contour maps can be derived fromdata which

nearly, but not exactly, satisfy these necessary conditions, If the
data do not satisfy them even approximately, then they must be
rejecteds In this article it will be shown how this can be done in
theory and how this was applied in the case of the data by Schrutka-

Rechtenstamm,

At first we determine with the aid of elevation data the
equation of surface of the Moon in the form of a sum of spherical
harmonics. It is best if we include in this equation sufficient terms
so as to make the mean squaredjerror of the least squaresfit smaller
than the mean squarederror ~f e observations. This may perhaps
imply the inclusion of harmonics up to the 10th order or even higher.
Second, it is necessary to make some assumption about the other side
of the Moon. Two assumptions have been tested in connection with
this, First, it was assumed that the lunar surface 1s symmetrical
with respect to the plane Ofn of the standard frame of reference
and, second, that it is symmetrical with respect to the origin of
the standard frame. The values of J and J obtained from a

20 22

least square fit of the data and based separately on each one of
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these two assumptions were compared afterwards withthe well-known

values of J and J of the Moon as these are computed with

20 22
the aid of the current values of f, B and y. As a result of

this comparison the second assumption was rejected because it led to
and J

values for J for worse than those found by means of

20 22
the first assumption about the far lunar side. In detail it was
found that for the elevation data by Schrutka and for the first
assumption the values of JZO and J22 were:

J

=-0.10 ,  J,, = 0.3, (5)

whereas for the same data and for the second assumption they were:

Jon = 0423 . Jon = 0.46 (6)

The data by Baldwin for the same two assumptions gave, respectively,

Jog =094, J,, = -0.030, (7)
and,

Jog = 0498 . Jyn = =0027 & (8)
The correct values (Goudas, 196,) are:

Jon = =0459 I, = 0.067, (9)

22
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and it becomes clear that the second assumption is worse than the
first, because for both sets of data it led to larger deviations in
the results “i‘rom their expected values. A second conclusion is, of
course, now inevitable, After this discussion it becomesobvious
that the values of the harmonic coefficients depend on the assumption
adopted for the far lunar side. For example, the values (8) were
improved in the right direction by the adoption of the assumption
that the lunar surface is symmetrical with respect to the plane

0gn although this improvement is very insufficient. The same change
of assumption in the case of Schrutka's data led to an improvement
for more substantial and resulted in values which can be considered
completely satisfactory if one takes into consideration the esti-
mated uncertainties due to errors in the data. But undoubtedly it
may be possible to make an even better assumption that will
approximate more the correct values (9) of the harmonics. Such an

assumption can be e.gs a combination of the two assumptions already

described.

Once the equation of surface 1s available and the values of

J and J are found to be different from those expected, we put

20 22
in their position the values given by Eq. (9). This is important
because in this way we shall derive a contour map which will be
compatible with the otherwise known values of f, B and y. In

more detail, this equation of surface and hence the contour map

produced from it will have the same moments of inertia with the

real Moon and also the same kinetic behavior in relation to libra-

tions. After this we proceed as follows: The equation of surface

is,
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n 1

r(B,4) = roEl +2 z (.11.1 cos j4 + JZ{J sin J&)Tij(B)], (10)
i=1 §=0

where r, in this case 1s the mean lunar radius adopted in the
Jerivation of the elevation data plus the value JOO' We introduce

the notation

n 1
£(8,4) = 1, 22“11 cos J4 + 3}, sin J2)T,,(B)
1=1 j=0

o

i
= E(Jij cos j& + Jij sin jz)Tij(ﬁ) . (11)
1=1 j=0

£f(B,4«) glves in kilometers the elevation above or below the new

mean level. An isolevel contour is any curve satisfying the cquation
£f(By2) = k (constant). (12)

For -mn/2<B<n/2, -n/2< 4 <n/2, there is a finite number of
curves satisfying equation (12). There are a number of ways one can

campute these curves numerically. We have used two such methods.

The first one was applied on an analogue camputer at Cambridge
Research Laboratories, Bedford, Massachusetts. The value of the
£(B ,l)-k was flrst evaluated in the computer for a fixed value of
B Then the sign of this quantity was tested and the pen of a
plotter following the variation of £ from - n/2 to + m/2

was printing a straight 1line on the paper whenever the sign was
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negative and raised whenever it was positive. The same was repeated
for all values of B from - m/2 to + n/2 always keeping k
constant. In this way a pattern like the one shown in Figure I

was derived, The terminating points of each horizontal line represent
to an accuracy of one part in one thousand the zeros of the function
f(B,4)-k with B = constant, k = constant, in the interval

- n/2< 4 {n/2, If we connect the terminating polnts by a con-
tinuous line, we have an isolevel contour of elevation k kilometers.
The contours in Figure I correspond, for example, to k = O km.

and are based on Schrutka's (1958) data. If we now give different
values to k, we shall obtain contours of different elevations which,

if put in the same diagram, will represent a complete contour map.

This way of compiling a contour map seems to be very efi:ctive
and for the time being sufficiently accurate, since the error in the
derived contours is always less than a few meters and never more

than ten.,

The second way by which the contours of equal elevation can be
traced numerically has already been described by this author (1963) «
A remark to be added here is that the values of JZO and J22
should be replaced by their correct ones in case the harmonic
analysis did not produce the expected values. Also, it was realized

from experience that instead of using the formulae

of _ £(u+64,8) - £(4,8)

) ) ’ (13)

%Bng +8 68-1‘1 ’ (14)

g
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in computing the derlivatives of f(g,24) it is better to use the

formulae,
n i
g-% = 2 J(-Jij sin §4 + Ji, cos jz)Tij(B), (15)
i=1 j=0
n 1
gg AN (Jij cos 4 + Jij sin Ji) é% TiJ(B)
i=1 j=0
n A
N 3
~ (3, cos Jb + 3}y sin jz)[Ti’jﬂ(B) -Jcio—:g Tij(B)],
1=1 =0

(16)

which are exact.

The evaluation of the r.he.s. of forrmlae (15) and (16) is also
easier from the programming point of view because it does not imply
recomputation of the same functions for three different pairs (B,+)
as in the case of formulae (13) and (14), but only for one pair. “he
tern Ti,j+1(s) appearing in formula (13) does not produce additional

difficulty because the expressions of Ti*(B) are already computed

up to the term Tnn(B) and the term T (B) 1is ecual to zero.

nyn+l

Finally, the step of advancement along the same contour suggested
in an earlier publication (Goudas, 1963, Eq. (66)) was found to be
in certain cases too large or too small and it had to be varied

according to circumstances.
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III. A CONTOUR MAP FROM SCHRUTKA'S DATA

Both techniques described in the previous section were applied
in order to reproduce the contour maps derived by Schrutka and
Hopmann, and Baldwin, using the data employed by the above authors.
No effort was made to make the results from the hamonic analysis
of each set of data compatible with the most recent values of the
mechanical ellipticity and other two relations among the moments of

inertia of the Moon.

First, the data by Schrutka (1958) were treated putting in
Equation (11) n = 6. The contour maps obtained from both techniques
were virtually identical and are presented in Figure II. The same
work was then repeated for n = 8., The contours obtained in this
case were superimposed on a Mosalc photograph of the Moon kindly
provided by Mr. Robert Carder of A.Cel.Ce (UsS.A.F.), and the result

is given in Figure III,

According to this map the deepest part of the near lunar side
is the northeastern portion of Oceanus Procellarum, which is about
. km, below the 1738,0 km, mean sphere., Almost all of Oceanus
Procellarum is below level and so is Mare Serenitatis and Imbrium.
The last two seas are not more than 2 km. below levels The area of
Mare Nubium is also below level but not deeper than 1 km, Mare
Huinorum is about at level, On the western hemisphere the deepest
part is between Rheita Valley and crater Biela with elevation -3 km.
Mare Foecunditatis is at elevation -2 lm, and Mare Tranquilitatis
and Serenitatis hetween O and -2 lme.s The region of highest
elevation is, according to this contour map, at Sinus Aestuunm,

which is about 3 lm. above level, The whole part of the peninsula
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of Terrae extending from the south pole to about 30° positive latitude
as well as some portions of the neighboring Maria are above level,

The area between the south pole and crater Lilius is higher than 1

kme and so is a small area near the north pole and crater Meton,

The last two high elevation regions together with the central bulge
constitute the basis for the existence of a fourth zonal harmonic

r

A
- o ,
in the equation of surface and KZ.O ( R) T[,O‘B) in

= JLO/BrO' A study of

the pgravity field of the Moon, where KLO
the variation of altitudes along the equator shows again the reasons

why fourth order tesseral harmonics should also exist,

IV. A CONTOUR MAP FROM BALDWIN'S DATA

The same procedure was followed in the case of Baldwin's data.
In Fipure IV we give the contour map obtained by taking n = 6., In
Figure V we give the contour lines obtained in the same way and by
taking n = 2 cuperimposed on another copy of the same Mosaic
photograph used for Fipure III., The transition from n =6 ton= 28
loes not seem to have any substantial effect on the pattern of the
contours other than changrins their elevation., This is due to the

Taster eonverpence of the coelficients of the harmonics with in-

creasin® n in the present case rather than in the case of Schrutka's

The contour map in Fi;rure V seems to be 1 smoothed-out version
o’ the map compiled by Baldwin where the .smoothing came as a result

o}

the harmonic analysic, The description of 3aldwin's map with
only small chunces cnn therelore describe sufficiently well this

~ap alsoe inclusion of more terms in the harmonic expansion would

re:ult in a nore detailei map bt the author is convinced that a
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map of absolute contours cannot be reliable to minute details on
the basis of accuracies accessible today in elevation measurements.
From this point of view we can appreciate more the map presented by

Schrutka and Hopmann,

V. A BALANCED CONTOUR MAP

The equation of surface of the Moon obtained from an analysis
of Schrutka's data (1958) was shown (Goudas, 1964) to be in agree-
ment with the observed values of f, B and ¥ and as a consequence
it is accepted as best representing the first eight harmonics of
the lunar figure at present. The values of f, B and ¥y depend,
however, on the two coefficients of the second zonal and sectorial
harmonics and to a second order on the rest of the harmmonic coefficients,
As a result the compatibility of the data by Schrutka and the values
of f, B and ¥y rests upon a comparison between the two known
coefficients with their values, respectively, as given by the
harmonic analysis. The rest of the coefficlents obtained from the
same analysis cannot be qualified since no previous knowledge about
their size is available and we accept them as the best until
improved values from the data provided by the Army Map Service and

Schrutka-Rechtenstamm will be obtained.

The contour map derived by applying the technique described
in a previous section and employing the harmonics from Schrutka's
data, is shown in Figure VI. The difference bstween this map and
the one given in Fipgure III where the second zonal and sectorial
harmonics do not have their correct coefficients does not seem

to be extremely large.
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The main merit of this contour map is that it represents a

Moon with exactly the same values of f, B and y as these are
determined from librations and so gives a dynamically balanced body

unlike inlcontour map hitherto published.
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APPENDIX

TABLES OF INTERPOLATED ELEVATIONS

L= -10570796

v

-1.57C8
-1.3963
-1.2217
-1.0472
‘008727
-0.6981
°C.5236
=C. 3491
-C.l745
0.00€C0
0.1745
e 36461
C.52136
0.69R]
0.,B727
1.0672
l.2217
103963
1.57C8

h

1.0540
1.847C
leR23¢
1.1520
C.CS575
-0,9R49
'105195
-008924
0.7¢5C
2.2€35
2.6424¢
le5274
C.9C19
1.1330
1.C4%7
-C.€C30
-3.04C2
-4,C0322
-2.6191

L=-1.,221730

b
-l.5708
-1.3963
-102217
-1.0672
’008727
-306981
-0.5236
'CQBQQl
-0.1745
C.COCO
C.1765
Ce3491
0.5236
0.69R]
0.8727
1.06472
1.22117
1.3963
1.5708

h

1.C54¢9

l.7809

N.3174
-1.0115
-1.74C1
-10667“
-1.CC5A
’001763

O.187¢8
’003996
-1.5407
°2.0449
-1.3686
-CeH524R
'1013‘7
-2.5248
-3,085R2
'2.6191

L = -1.3796263

p

-1.57C*®
-1.3963
-1.2217
=1.0672
-008727
-006981
-0.5236
-Ce 3491
-001"S
C.00C0
ColT45
Oe3441
C.52136
0.6981
C.81727
l.0472
1.2217
13963
1.570°

h

lev%490
1.829¢
1. 7426
D.91566
-C.22317
-1.2230
-1.6C24
’C09742
Je4629
1.€031
1.5232
Ue5470
-0.L230
Te2744
Ced7393
-N,7¢%3
=3.2156
'3.9883
-206171

£ = -loc‘7lq’

5
’loS’Cq
-1.3963
-1.2217
'100‘12
-C.8727
-0.69P]
-Ce521306
-COS“QI
-Lell45
C.03CC
Cel745
Ue3491
C.52136
Ce 6981
D.8727
1.04172
1.2217
1.3963
1.57C#%

I

le254C

1. 7C96

1.2€36
’00,85'
-1.861315
'?ol""
“l.4234
“Le6P55
-Q.,605%7
-N.8864
-1l.792C
=2.957%
'305!“4
'20@‘66
“1l.6152
-1.%¢62
’20126[
'305474
-206l91



L = '0.8726&5

p

-1.570F
-1.39¢3
-1.2217
-1.0472
-0087?7
-C.6981
=Ce52136
-Ce349]
’601745
C.C0CO
0el745
0. 3461
C.521%6
C.698]
C.B727
1.0672
1.2217
1.3963
1.57C8

h

1.C54C

1.6265

C.G5P8
=Ce30 17
'204109
’202‘33
~C.5E38
°f.lb?8
-0.35581
-0.3596
~leb6]17
'2.5910
=3,4455
°3027l‘
-2.1237
-1.5388
-2.3885
’30’661
'ZQélQl

L= =0,523569

g

-105709
=1.3963
’102217
-1.0472
-008727
-006981
-C.5236
’5034QI
’Col745
C.00CC
Cell65
Ce345]
C.5216
C.6981
CeRT27
1.N672
1.2217
13963
1.5708

i

1.0540
1.4520
C.8454
“C.H237
’20[“7
“1.9965
-1.0427
-405320
'003863
Ce31319
1.2998
l.C4B4
~0.0444
-l.39]14
-l06837
°5087“6
-1.3532
-206596
’2.6l91
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L ==C.698132

B

‘105709
-1.3963
-1.,2217
'100412
-0.8727
-C.bqﬂl
'005236
'003‘91
~0.1745
C.C0G0
0.1745
0.3461
C.52136
0.6941
C.R727
1.0472
1.2217
1.3963
1.57CR

h

1.C540
1.5397
C.8114
'loCb’b
'20693‘
-2.1263
-Ce 715417
-000211
’002155
-C.3714
-C.2812
-008186
'2.0738
'2.7[97
-2.0%61
-1.3C27
'109117
-3.,03C0
«?2.6171

£ ==0s3660¢€¢

8
'1.5709
-1.39¢613
-1022l7
°100472
-0.8727
°006981
-C.5235
-0.3491
-0.1745
Cc.C0CGC
CoelT45
Ge 3491
0.5236
0.69R1
JeBT27
1.064172
1.2217
1.39¢3
1.57C8

h

1.0540
1.3595
C.9582
-C.3C00
-104821
-1,78R5
'loS"‘
’102579
’0058‘0
C.9529
2.3¢83
1.9723
-00160‘
°loelql
~1l.4G46
-004527
'008C08
~2.21R82
~2.6191



i ==0.174533

B

°l.5708
~1.3963
-1.2217
’100572
-0.8727
-C.6981
’005236
«0.3491
-0.174%
€.0000
0.1745
0.3691
5236
0.6981
C.B727
l.0672
1.2217
1.3963
L.57CH

h

1.0540
1.2539
1.0827
C.3017
-0.£60C
-1.2979
~1.549]
°lo’467
-0.,27137
l.5&8¢
2.7¢68
l1.8221
‘0.6898
=2.3C51
°106273
-00116‘
-C.3C5%0
-1.9CR4
'205191

+= 0.0CC0GO

p

-1.57C8
-lo’963
-l.2217
~1.0472
'0.8727
’0069%1
-0.5%236
-0.3491
’0.1745
C.C0Z0
Col745
C.3461
0.5236
0.6941
C.RT727
l.0672
l1.2217
1.3963
15708

h

1.C549)
1.1258
1.1206
Te7413
c.0887
-N.4897
-0.7569
-00496q
0.5359
1.5625
2¢547R
1.0827
=1.%€ER2
-2.9RP7
-1 .9450
-000834
G.C735
-1.5€96
-205171

£ =0.1745%)

B h
-1.5704 1.0540
-103963 009693
-1.2217 0.998¢
-l1.06472 0.8161
-0.8727 Coti9]
-0.69A] N.2¢13
-0.5236 0.3832
'003691 0.6725
'Ool'“S 1.1318

0.00C0 1.7101
Qel1745 1.7C217
C.3491 C.25C
0.5236 =2.0690
0.6981 ’303421
0.8727 ’202‘37
100‘72 -001342
l1.2217 0.3171
103963 °l02748
1.5708 -2.5161
£ =0.349C66

8 h
-1.5708 1.0540
1.3963 0. 7854
°1022l7 C.6G¢6
-1.0672 T Y L)
-C.8727 0.1¢91
-0.6981 C.3891
‘C.5236 009826
'0.3691 1019‘7
“CelT65 0.8295

C.00C? Je5C74
Cel 7645 Ce3859
003591 -0.3¢40
D¢5236 -¢.C2175
C.69f]1 -3,1769
008727 ’2.3071
1.0672 -9,2¢60
l.2217 C.4373
le3963 -1.,C3C4
leS57C8 =2,.6191



L =0s9%23599
B h
-1.570¢ 1.C540
-1.3963 0.%222
'l02217 002589
'100‘72 -002730
'008727 -001148
’00598‘ °C.3390
-(.5236 Ce5535
-C.3491 0.6676
“0e1745 =0.2374
Ce03CO0 ~1.0358
C.l745 -308“‘7
Co3691 -0.620C
0.5236 ~-1.5192
0.6981 =2.€¢39
08727 =2.¢483
1.06472 -C.4238
l.2217 0.4¢60
1.37963 =7,81365
1.5708 =2.6191

L= 0.872665

B

'105708
'103963
-1.2217
‘100472
-JeBT27
-C. 6981
'005?36
-Ce369]
‘30‘7“5
0.00CC
0.1745
03491
0.5236
0.6981
0.8727
1.0672
1.2217
1.3963
l.57C8

h

1.C54C

0.1788
-006539
-1.6623
’2.“526
-2.22R8
‘loZ]?b
-0.,8CR2
-‘04171
-1.83C)
'l.CC95

0.CE€69
°O.26C0
'105839
-1.9328
-0.6343

O0.4064
-0.5800
‘20619[
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L =0.698132
B h
=1.57C8 1.0540
-1.3962 0.3743
=1.2217 =C,2246
“1.0672 -1.0763
-0.,8727 -1,7882
~0.69R1 -1.4566
°C.5236 '005072
=0.3491 -0.2¢€72
'0017‘5 -1.2198
C.00CC =1.9535
001765 ~-1,3435
0.36491 «D.4279
C05236 -00936R
0.6981 <=2.,0794
0.8727 =-2.1129
1.0672 -0,5607
l.2217 Net4133
13963 -N,68AR7
1.57(C8 -2.6191

£ = 1.0647198

p

-1.570R
-1.3946)
-1.2217
-ls04172
-G.8127
'006981
'005236
’003“91
°C.l745
C.CuCO
Col 765
0.3451
0.52136
0.69¢81
0.8727
l.0672
1.2217
1.3963
1.5708

h

1.0540

2.0115
-N.9614
~1.86422
-2.,l67
-1.8947
'009‘62
-004676
-0.8953
-1.1671
’00‘271

N0.4885

0.1466
=1.1935
-1.6971
-306232

C.3802
-0.5C133
=2.6191



£ = 1396264

g

'105708
-1.3963
‘102;17
-1l.0472
'°os727
‘006981
-C.523%6
‘003491
’Co‘?“S
C.0JC¢C
0.1745
0.3491
Ce52136
C.6921
C.0727
leCal2
1.2217
103963
1.57CH

h

1.0540
061937
-1,2C59
-1.3762
-0.53%4

N.084R%4

1.7764

14449

C.1601
°C.7739
'00495?

C.3CR3

C.2P8]
'Goéél?
-1.18C9
'00“505

0.375)
°004237
'206191

39

£ =1e57C796

g

-1.57CR
-1.39¢€3
-1.2217
=1.0672
'C.8727
’0069"!
-0.5236
-003491
“Cel 745
c.CoCO
Cel745
Oe3491
0.52136
0.6981
0.RT27
1.06472
1.2217
1.3963
1.57C8

h

1.C564°C
’0.2202
-1.2729
-1,24CC
-C.1237
l.671C
2.3R25
1.8282
C.2648
-009755
-0.6909
C.l€27
0.2¢1)
«-0.5792
-1.0851
-004133
0.37R]
'0.4143
=-2.6191

L = 1.221731
B h
"05708 1.0540
‘10396’ -0.1152
°‘02217 -l.1346]
'100672 '106675
-0.8727 °104846
-0.6981 -0.5958
-C.52136 0.3¢29
-0 3091 0.49617
-0.1745 =-0,2308
C.00CC =0.17432
Cel745 =0,2447
C.3491 C.51395
0.5236 0.29417
C.698]1 =0,.,8815
0.R727 =~1,4169
l.0472 -0e5429
1.2217 C.3721
1.3963 =0,4526
1.5708 =2.¢€191



